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[2]:
$\frac{\partial}{\partial t}(\alpha\rho_{G})+\frac{\partial}{\partial x}(\alpha\rho_{G^{T}}b)=0$, (1)
$\frac{\partial}{\partial t}[(1-\alpha)\rho_{L}]+\frac{\partial}{\partial x}[(1-\alpha)\rho_{\iota^{q}}t]=0$ , (2)
$\frac{\partial}{\alpha}(\alpha\rho_{G}|b)+\frac{\partial}{\partial x}(\alpha\rho_{G}k^{2})+\alpha\frac{\partial p_{G}}{\partial x}=F$, (3)
$\frac{\partial}{\theta t}[(1-\alpha)\rho_{\iota^{t}}t]+\frac{\partial}{\partial x}[(1-\alpha)\rho_{L}\not\in]+(1-\alpha)\frac{\partial p_{L}}{\partial x}+P\frac{\partial\alpha}{\partial x}=-F$, (4)
, $P$ , $F$
.
(1)$-(4)$ , $P$
, . , Reynolds
.
$F$ ,
$F=- \beta_{1}\alpha\rho_{L}(\frac{a*}{Dt}-\frac{q_{t}l}{Dt})-\beta_{2}\rho_{L}(\uparrow b^{-1}t)\frac{*\alpha}{Dt}-\beta_{3}\alpha(k^{-1}t)\frac{a_{h}}{Dt}$, (5)
[5]. ,
$\frac{4}{Dt}=\frac{\partial}{\partial t}+\tau b^{\frac{\partial}{\partial x’}}$ $\frac{4}{Dt}=\frac{\partial}{\#’}+$ $\frac{\partial}{\partial x}$
, , 3 $\beta_{:}(i=1,2,3)$ 3 $\frac{1}{2}$ .
Keller
$(1- \frac{1}{q_{0}}\frac{4^{R}}{Dt})R\frac{R^{2}R}{Dt^{2}}+\frac{3}{2}(1-\frac{1}{3q_{0}}\frac{R^{R}}{Dt})(\frac{R^{R}}{Dt})^{2}$
$=(1+ \frac{1}{q_{0}}\frac{R^{R}}{Dt})\frac{P}{\rho_{LO}}+\frac{R}{h_{0}q_{0}}\frac{R}{Dt}(h+P)$ , (6)





$\alpha_{0}$ , $B=304.9MPa,$ $n=7.15$),
,
$\ \ 0=kl_{G}^{\gamma}\gamma$ (8)











$q_{0}$ , $\lambda_{0}=2\pi q_{0}/\omega$




$x=Lx^{*}$ , $\omega t=t^{*}$ , $R=$ 4(1+\epsilon R’),
$\frac{\{b}{q_{0}}=\epsilon*’$ , $\frac{tt}{q_{0}}=\epsilon\tau t’$ $\alpha=\alpha_{O}^{*}+\epsilon\alpha’$ ,
$\frac{\rho_{G}}{h_{0}}=\rho_{G0}^{*}(1+\epsilon\rho_{G}’)$ , $\frac{p_{G}}{\rho_{L0}q_{0}^{2}}=k_{0}^{*}(1+\epsilon p_{G}’)$ ,
(11)
$\frac{h}{h_{0}}=1+\epsilon\rho_{L}’,$ $\frac{h}{\rho_{L0}q_{0}^{2}}=h_{0}^{t}(1+\epsilon p_{L}’),$ $\frac{P}{\rho_{L0}q_{0}^{2}}=\epsilon P$
, $*$ . (’) ,
( ) , $\epsilon(0<\epsilon\ll 1)$ .
.
(11) , $\epsilon=0$ ,
$R=R_{0}$ , $*=\uparrow t=0$ , $\alpha=\alpha_{O}^{*}$ , $\rho_{c^{=}h_{0}\rho_{G0}^{*}}$ ,
(12)
$k=h_{0}q_{0*0:}^{2*}h=hoh=p_{L0}q_{o^{2}h_{0}^{l}},$ $P=0$
. , (1)$-(6)$ , &, $ho’ h_{0},$ $q_{0}$
,
$\frac{\partial(\alpha_{0}^{n}\rho_{G0}^{*})}{\partial t^{*}}=0$ , $\frac{\partial\alpha_{0}^{*}}{\partial t^{*}}=0$ , $\frac{\partial p_{G0}^{r}}{\partial x^{l}}=\frac{\partial p_{L0}^{*}}{\partial x^{s}}=0$ (13)
, $\alpha_{0}^{l}$ $x$ . (7)$-(10)$ , $k_{0}$ $0$
$k_{0}^{l}= \frac{*0}{h_{0}q_{0^{2}}}$ $h_{0}^{l}= \frac{h_{0}}{\rho_{L0}q_{0}^{2}’}$ $\rho_{G0}^{*}=\frac{\rho_{G0}}{\rho_{L0}}$ , (14)
$0^{-}*$ $= \frac{2\sigma}{h_{0}q_{0}^{2}R_{O}}$ (15)








(11) (1)$-(10)$ , $\epsilon^{2}$ ,
$\frac{\partial\alpha}{\partial t}-3\alpha_{0}(x)\frac{\partial R}{\partial t}+\alpha_{0}(x)\frac{\partial_{b}}{\partial x}+\frac{d\alpha_{o}(x)}{dx}*=0$ (17)
$lh[1- \alpha_{0}(x)]\frac{\partial_{h}}{\partial t}-\frac{\partial\alpha}{\partial t}+[1-\alpha_{O}(x)]\frac{\partial tt}{\partial x}-\frac{d\alpha_{0}(x)}{dx}tt=0$ (18)
$( \beta_{1}+\rho_{G0})\frac{\partial_{k}}{\alpha’}-\beta_{1}\frac{\partial_{{}^{t}t}}{\theta t}-3\gamma p_{GO^{\frac{\partial R}{\partial x}}}=0$ (19)
$[1- \alpha_{0}(x)+\beta_{1}\alpha_{0}(x)]\frac{\partial u_{L}}{\partial t}-\beta_{1}\alpha_{O}(x)\frac{\partial_{b}}{\theta t}$
$+h_{0}^{[1-\alpha_{0}(x)]\frac{\iota\partial p_{L}}{\partial x}}- \frac{d\alpha_{O}(x)}{dx}(\omega_{B}^{2}+h_{0}$ $)=0$ (20)
. , $*$ , $x$
$\alpha_{O}(x)$ . ,
,
$w_{B}^{2}=3\gamma p_{G0}-2\hat{\sigma}$ , $( \hat{\sigma}\equiv\frac{\sigma}{\rho_{LO}q_{0^{2}}R_{0}})$ (21)
. (17)$-(20)$ , $\beta_{2}$ $\beta_{3}$ . (5)
.
, Keller (6) .
$\frac{\partial^{2}R}{(t^{2}}+\frac{\omega_{B}^{2}}{\delta}\frac{\partial R}{\dot{c}t}+\frac{\omega_{B}^{2}}{\delta^{2}}R+\frac{ho^{P_{L}}}{\delta^{2}}=0$ (22)






$R_{0}\ll n_{0}^{-1/3}\ll V^{1/3}$ (24)
. , $V$ , $n_{0}$ . (24) , ,
$V^{1/3} \ll L=\frac{\lambda_{0}}{2\pi}$ (25)
. , ( )
.
(16) $\delta$ (23) , (24)
$\alpha_{0}=\frac{4}{3}\pi L^{3}\delta^{3}n_{0}\ll 1$ (26)
. , 1 .
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(17)$-(20)$ , (22) , 5 $R,$ $\alpha,$ $*,$ $tt$ ,
. , $R$ .
,
$A_{1} \frac{\theta^{4}R}{\partial t^{4}}+B_{1}\frac{\partial^{3}R}{\partial t^{3}}+A_{2}\frac{\partial^{2}R}{\theta t^{2}}+B_{2}\frac{d’R}{\partial t}+C_{1}\frac{\partial R}{\partial x}+B_{\}\frac{\theta^{2}R}{\partial x\partial t}$
$+A_{3} \frac{\partial^{2}R}{\partial x^{2}}+C_{2}\frac{\partial^{3}R}{\partial x\partial t^{2}}+B_{4}\frac{\partial^{3}R}{\partial x^{2}\partial t}+A_{4}\frac{\partial^{4}R}{(\prime x^{2},\partial t^{2}}=0$ (27)











$B_{4}=- \frac{\delta w_{B}^{2}D_{2}}{D_{3}}[1-\alpha_{0}(x)]=\frac{w_{B}^{2}}{\delta}A_{4}$ (35)





Egaehira [2] , ($\alpha_{0}=\alpha_{\infty}=$ )
, (27) $B_{i}$ $C_{i}$ ,
. 1 . ,
$k$ 2 $\omega$ . ,
2 . ,
$fa\epsilon t$ mode , slow mode .
slow mode ,
fast mode . [2] , fast
mode .
fast mode , slow mode .
, $k$ , fast mode . , 1 ,
. , (1)$-(10)$ ,
. , 1 $kR_{O}<0.1$ , (24)
.
(27) , $B_{:}$ Keller (22) 2
, (







op 2: Schematic of scattening ofplanc pressure wave by a bubble cloud.
4
$\alpha_{0}(x)=\alpha_{\infty}(1+oe^{-(x/\ell)^{2}})$ (40)
. , $\alpha_{\infty}(1+c)$ , $\ell$
, ( $|x|$ $\ell$) $\alpha_{\infty}$ . , $x$




. [2] , 1 $k$
$k^{2}= \frac{\beta_{1}[\omega_{B}^{2}-\delta^{2}+\alpha_{\infty}(3+\delta^{2}-\omega_{B}^{2})](1-\alpha_{\infty})}{3\gamma p_{G0}\alpha_{\infty}(1+\beta_{1}-\alpha_{\infty})+\beta_{1}(\omega_{B}^{2}-\delta^{2})(1-\alpha_{\infty})}$ (41)
. 3 $\delta$ $\alpha_{\infty}$ . 2 , fast mode
slow mode . 2 ( $k$ ) $\delta$
(stop band). , 3 , $R_{O}=0.1$





. , 1 , $\Phi_{S}(x)$




X 3: Nondimensional wavcnumber, $kL=k\lambda_{0}/(2\pi)$ , of pressuIe wave in water with a unifom void $\hslash wtion$
dismhluon. The wavc number $k=2\pi/\lambda$ is Primarily detemined by $\omega$ . $\delta$ and $\alpha_{\infty}$ . The left branch is the slow
mode and the right the fast mode.
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pa 4: Real and $\dot{u}$nagin$arypar\alpha ofcompl\epsilon x$ wave amPliNde scattered by a bubble cloud.
170
